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ABSTRACT 
The study was conducted at Bako National Park in two sampling periods to detennine the species richness 
and species evenness of the frogs . A total of 108 individuals of frogs, representing 15 species from five 
families were recorded from the study site. Forest and stream transect were used for the sampling methods. 
The frogs captured from a wide range of microhabitats and substrates, with some species specialized to live 
near the water and some distant from any body of water. Rana baramica from family Ran~dae is the most 
dominant species with relative abundance of l7.6%, represent 19 individuals of collection. This followed 
by Polypedates leucomystax from the family Rhacophoridae (16.7%), represent 18 individuals. There are 
few new species to Bako National Park captured and this will increase the total number of frog species in 
the pecies checklist. 
X ey Words: Bako National Park, species richness, species evenness, frogs, new species 
ABSTRAK 
Kajian telah dijalankan di Taman Negara Bako dalam dua kali tempoh penyampelan untuk memerhatikan 
kekayaan spesis dan kesamarataan spesis katak. Jumlah keselurnhan bilangan individu yang diperolehi 
adalah 108, mewakili 15 spesis daripada lima famili. Kajian ini dijalankan dengan menggunakan kaedah 
transek sungai dan transek hutan. Katak ditangkap dari pelbagai jenis mikrohabitat dan substrat, di mana 
sebahagian spesis adalah hidup berhampiran dengan air dan sebahagian lagi hidup jauh dari sumber air. 
Rona baramica dari famili Ranidae adalah spesis yang paling dominan dengan kelimpahan relatif 17.6% 
mewakili 19 individu. Ini diikuti dengan Polypedates leucomystax dari famili Rhacophoridae (J 6.7%), 
mewakili 18 individu. Terdapat spesis barn bagi Taman Negara Bako dijumpai dan ini akan menambahkan 
lagijumlah bilangan spesis katak da/am senarai spesis. 







The anuran, consisting of toads and frogs has been extensively studied in Borneo where it 
offers a rich and diverse group of the amphibian. Six families and about more than 150 
species of frogs had been recognized in Borneo (Inger and Stuebing, 2005). However, the 
exact number and the associated nomenclature have been subject to numerous alterations, 
while new species are also continually being discovered. The diversity of frogs reflected 
in the number of species biology, morphology and feeding behavior (Zug, 1993) so it is 
important to know species occurrence in Borneo as well as their distribution and habitat 
requirements to ensure conservation of this tremendous diversity of frogs. 
I 
Bako National Park offers visitor an excellent introduction to the rainforest of Borneo 
with its rainforest abundant wildlife, jungle streams, waterfalls, interesting plant life, 
trekking trails and beautiful beaches. Very few studies on frogs had been done in the 
Park. Studies on mammals, fishes and birds, especially the long-nosed Proboscis monkey, 
Bearded pig and Silver-leaf monkeys have been carried out there (Hazebroek and Abang, 
2000). 
The factors that ultimately limit the dispersal of tropical frogs are ecological 
(temperature, rainfall, vegetation, competition with related animals), geographic (size of 
areas, distance, habitat) and geological (historical events, ocean and straits) (Inger, 1966). 
For example Limnonectes kuhlii; has been found up to 1,000 m above sea level, and they 






and geographical effect on the dispersal of this frog ' s species. Other example that shows 
the geographical effect of frog's dispersal is the occurrence of L. paramacrodon and R. 
baramica can tolerate on the water in peat swamp forest with low pH (Inger, 1966). 
It is pertinent to collect more specimens from previously unexplored or explored habitats 
with intension to inventory and document the frog ' s conservation in Bako National Park. 
Lack of knowledge and the effect of human activities have prompted a study to gather 
baseline information of frogs in this National Park. More intensive and systematic studies 





The primary goal of this study is to conduct preliminary assessment of the relative 
abundance and diversity of frogs in Bako National Park. Several objectives had been 
derived in order to archive this goal:­
i. To gather and analyze the relevant infonnation on distribution and microhabitat 
utilizations of frogs in protected areas in Bako National Park. 
ii. To compare the diversity of frogs in Bako National Park with other forested area 
elsewhere in Borneo. 
1.3 Justification and Rationale 
The justification of this study is to document the diversity and abundance of frogs 
occurring in Bako National Park in order to facilitate monitoring and conservation of this 
diverse amphibian group. The data and the subsequent infonnation from this study will 




2.0 Literature review 
Anurans are the most successful, abundant and diverse group of amphibians, comprising 
29 presently recognized families and more than 3750 species from all over the world 
(Zug, 1993). By using the molecular technique and advance genetic, the long history of 
debate about phylogenetic relationship of frog's species, genus and families is becoming 
more settled. A total of 186 species of frogs has been recorded from Malaysia (Berry, 
1975; Inger and Stuebing, 2005; Das, 2002) compared with the fIrst systematic review of 
frogs of Borneo which consist of 92 species 37 years ago (Inger, 1966), but the total 
number of the species cannot be determined so far because of the new species of frogs 
being discovered every year from varied habitats. 
Frogs offer biologists many excellent opportunities for research, food, toxicology and 
medicine studies. In Borneo, frogs consist of six families, Bombinatoridae, 
Megophryidae, Bufonidae, Microhylidae, Ranidae and Rhacopharidae belong to the 
Bornean frogs. All of these families except for the Bombinatoridae (only known to co­
occur in the southern islands of the Philippines) are widely distributed in South-East Asia 
(Naming and Das, 2004). Scientist had recorded 45 Bornean species in Peninsular 
Malaysia, 42 species in Sumatra and 14 species in Philippine Islands, but 90 species are 
endemic to the island of Borneo (Inger and Stuebing, 2005). 
During the last few years, many researchers recorded new species. Inger (1989) had 
recorded four new species from forested areas in Borneo. They are Megophrys 
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edwardinae, Microhyla maculifera, Philautus disgregus and P. aurantium. Inger et.al 
(1995) had recorded another two new species which is M. dringi from genus Megophrys 
and P. bunitus from genus Philautus, which is caught during the sampling of frogs from 
various localities in Sarawak and Sabah. Samples also include a specimen of Theloderma, 
the flrst record of the genus from Borneo. All of the new species that had been recorded 
represent an increase of percentage over number of species of frogs known from Borneo. 
It is likely that the list of species will continue to grow (Inger, 1966). 
The wide geographic distribution of amphibian fauna of Borneo reflects a meaningful 
pattern. The most essential aspect is the amphibian fauna of Borneo shows a distinct 
difference from the amphibian fauna from other regions in Southeast Asia. There are 
approximately two third of the total number of the species not being discovered outside 
the Borneo regions. Naming and Das, (2004) reported a total of 34 species of frogs, 
representing 20 genera and flve families, in Bau Limestone Area and the most abundant 
species is R. raniceps. Zainudin et.al (2002) reported a total of 110 individuals 
representing 18 species during frog's survey at Crocker Range National Park, Sabah with 
L. kuhlii being the most abundant species. In Borneo, L. kuhlii is most abundant along 
small, clear streams flowing with moderate speed through primary rain forest (Inger, 
1966). 
Generally, amphibians always associate with water. Amphibian means living in two 
different worlds, the water and land. This group of fauna lives in various habitats, from 
swimming under the surface of water and lives on the higher tree branch. Most of the 
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amphibian lives near the water because they need enough moisture to protect their body 
from drying. The important part of the frogs is the skin. It is highly permeable and having 
an important role as an extra oxygen and carbon dioxide exchange surface. It contains 
mucous gland that keeps the skin moist, as well as poison glands that are used as a 
defense mechanism. 
Different kinds of life histories, patterns of individual movement and habitat tolerances 
reflect the diversity of Bornean anurans. A total of 99 species had been captured during a 
sampling at four localities in northwest Borneo, where 30 species were found to be 
exclusively montane, 42 exclusively lowland and 26 eurytopic (Inger, 1992). This is one 
of the studies of the altitudinal stratification on anurans in Borneo and to consider the 
nature of the fauna that exists above the dipterocarp forests that cover the lowlands. 
There are two major groups of frogs in Borneo according to their behaviors or general 
habits and habitats. The smaller group consists of species that associated very close with 
man for example frogs that live in paddy fields or other types of cultivation, town 
gardens, villages and roadside ditches. Nine species falls into this groups; Taiwanese 
Frog (R. rugolosa), Green Paddy Frog (R. erythraea), Mangrove Frog (R. cancrivora), 
Grass Frog (R. limnocharis), Cricket Frog (R. nicobariensis), Four-Lined Tree Frog (P. 
leucomystax), Banded Bullfrog (Kaloula pulchra), Plain Bullfrog (K. baleata) and Black­
Spotted Toad (Bufo melanostictus) (Inger and Stuebing, 2005). All of this species not 
only live close to man but they also live dependent on man that create environmental 
conditions such as open spaces, disturbed ground and puddles of standing water. Only R. 
nicobariensis and P. leucomystax can be found in secondary growth and penetrate the 
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edges of primary forest. All of these nine species breed in standing water such as ditches, 
small ornamental pools in gardens, rain-filled depressions and flooded paddy fields. 
The other major group of Bornean frogs is confined to forests or their edges (Inger and 
Stuebing, 2005). Only one or two species for example Saffron-Bellied Frog (Chaperina 
jusca) may sometimes make a go in shaded house compound and gardens. However, 
most of the frogs is the forest inhabitant and spend their lives on one of the four principal 
ways of lifestyles. Firstly, some of the frogs never leave the bank streams. Their tadpoles 
will develop in that creek and rivers. The newly transformed froglets will hop out of the 
river to grow and feed. Frogs with this mode of life include Kuhl's Creek Frog (L. kuhlii), 
Giant River Toad (B. juxtasper) and the Black-Spotted Rock Frog (Staurois natator). 
Secondly, certain species of frogs that are found along the stream banks will live away 
from water only as juvenile for example Spotted Stream Frog (R. signata) and Poisonous 
Rock Frog (R. hosii) (Inger and Stuebing, 2005). Their tadpoles will develop in quiet area 
of small streams, mostly at the batch of dead leaves. The tiny froglets hop away into the 
forest (several hundred meters away) after they transformed (about lcm long). In the 
forest, they will feed and grow. As they approach adult size, they will return to the stream 
to breed and feed for the rest of their life. 
Thirdly, the frogs use streams only for breeding, for example Brown Tree Toad 
(Pedostibes hosii) (Inger and Stuebing, 2005). Its tiny toad emerges from a side pool of a 
stream where it spent its time as a tadpole. It hops away into the forest and it will returns 
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to a stream only for breeding. The other species that have this life style are the Bornean 
Homed Frog (Megophrys nasuta), Larged-Eyed Litter Frog (Leptobrachium montanum) 
and White-Lipped Frog (R. chalconota). 
Lastly, many species of Bornean frog append their life in the forest and rarely seen along 
the stream banks for example Wallace's Flying Frog (Rhacophorus nigopalmatus), 
Saffron-Bellied Frog (C.fusca) and the less common Mahogany Frog (R. luctuosa) (Inger 
and Stuebing, 2005). This group of frogs looking for their food at the forest floor. Some 
of them lay their eggs in small pools of water on the forest floor and some under floor 
litter where there is no standing water but humidity is high. 
Besides study the adult frogs, the study on tadpoles is also important because there is a 
general shortage of information on the tadpoles of Borneo. Tadpoles can be termed as the 
transition of newly hatched organism to adult frog with several accompanying changes. 
Their development can be divided into stages, a larval stage and an adult stage. This is 
why this group is different from other vertebrates and the process that lies behind each 
life cycle of a frog is called metamorphosis. Light, salinity, temperature and food supply 
can affect the tadpole's morphology; whether externally and internally, or hormonal 
changes and changes in yolk reserves (Shi, 1999). Tadpoles showed specific-responses to 
abiotic habitat characteristic, for example the number of tadpoles in their habitat can be 
affected by the amount of rainfall and changes of the river depth. One assumption stated 
that species populations fluctuate in stochastic fashion over time in response to biotic 
interaction and environmental fluctuations (Formanowicz and Brodie, 1982). 
9 
Inger had done most substantial work on the tadpoles in 1985 and 1986, but there have 
not been much subsequent documentation on the subject. Sixteen distinct types of 
microhabitats of Bornean tadpoles had been classified by Inger (1985) including nine for 
running waters and seven stagnant ones. Riparian tadpoles are the stream-dwelling forms 
that spend their entire life cycles along streams. Stream habitats can be further classified 
into pool of intermittent streams, seepages, side pools, open pools, leaf drifts, shingles, 
rimes and torrents. Lily (2005) had done a study on the microhabitat preferences by 
tadpoles at three selected localities in Western Sarawak and investigate whether there are 
specific habitat requirements for the local amphibian larvae at these study sites. She 
concluded that the frog's larvae inhabit a diversity of microhabitat types, associated with 
differences in vegetation and overall habitat structure. All information about the 
microhabitat preferences by the tadpoles, dietary, changes and factors of development 
and survival gives guidelines and some basic ideas about the species diversity and 




3.0 Materials and Method 
3.1 Location 
Sampling was conducted in two sampling episodes. First episodes were conducted over a 
seven days period which is from 28th August until 3rd September 2005. Frogs were 
collected at seven sites which cover six of seven types of Bako National Park's 
vegetation (kerangas forest, beach forest, mangrove forest, riverine forest, mixed 
dipterocarp forest and peat swamp forest). The seven sites are shown in Figure 1. 
Figure 1. Map of sampling sites at Bako National Parks (Anon, 2005) 
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These sites are Telok Asam (site 1), Telok Delima (site 2), Diu Asam (site 3), Lintang 
Trail (site 4), Tajor Waterfall (site 5), Pulau Lakei (site 6) and Telok Limau (site 7). On 
the first until third sampling night, frogs were collected around the Telok Asam, Telok 
Delima, U1u Asam and Lintang Trail. On the fourth sampling night, sampling was done 
at Tajor Waterfall. On the fifth until seventh night, our group are divided into two where 
the first group done the sampling at Pulau Lakei and Telok Limau meanwhile another 
group done the sampling at Telok Asam, DIu Asam and Lintang Trail. For the second 
episodes, it was conducted over a five days period which is from 21 sl until 25th November 
2005. Only four sites been visited which are Telok Asam, Telok Delima, DIu Asam and 
Lintang Trail. This is because some parts of the park area are flooded and cannot being 
accessed by our team. Table 1 below shows the vegetation types at seven sites of 
sampling in Bako National Park. At Telok Asam, Tajor Waterfall and Pulau Lakei, it has 
its own forest types but some sites have two to three vegetation types for example at 
Telok Delima, DIu Asam, Lintang Trail and Telok Limau. 
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Table 1. Vegetation types of seven sites of sampling in Bako National Parks 
Site Location Vegetation types 
I TelokAsam 
2 Telok Delima 
3 UluAsam 
4 Lintang Trail 
5 Tajor Waterfall 
6 Pulau Lakei 
7 TelokLimau 
Beach forest 
Mixed dipterocarp and mangrove forest 
Peat swamp and mixed dipterocarp forest 
Mainly kerangas forest, other are peat 
swamp and mixed dipterocarp forest 
Riverine forest 
Kerangas forest 
Kerangas and mixed dipterocarp forest 
3.2 Method 
Surveying for frogs using the forest transect and stream transect were conducted at night, 
usually at 7.00 p.m. with the aid of the headlamps and or flashlights because frogs are 
very active at that time looking for food and mating. Stream transect had been done by 
walking along the stream for about 200m meanwhlle the forest transect was done by 
walking for as far as 300 to 500m for about two to three hours. Frogs was captured by 
hand around the transect with a distance of about five meters to the left and to the right 
(Inger and Stuebing, 1997). For each frog captured, data was recorded such as locality 
(area where it was caught), type of vegetation, time and date of captured and the 
microhabitat. The microhabitat utilization information was recorded based on categories 
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of the vegetation type, horizontal position, vertical position and substrate (Appendix 1). 
Measurement of weight and snout-vent length also was recorded. Identification of each 
fiog caught was done by using keys from books entitled 'A field guide to the frogs of 
Borneo' (Inger and Stuebing, 2005) and 'A key to the frogs of Sarawak' (Inger et.al, 
1985). All frogs was been killed using the chlorobutanol. Tissue samples was cut from 
thigh muscles and stored in dimethyl sulphoxide (DMSO) buffer for phylogenetic 
analyses. Specimens are preserved in 4% formaldehyde on site and returned to Universiti 
Malaysia Sarawak as vouchers specimens. The specimens then are put in 70% alcohol for 
long term preservation. 
3.3 DATA ANALYSES 
All the data recorded were computed using quantitative measurements to determine the 
species diversity. 
3.3.1 Relative abundance of species 
Relative abundance of species is computed by the number of individual in each species 
obtained divided by the total of individuals obtained. The value will increase as the total 
number of individuals from particular species increases. 
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Relative abundance of species = n, 
N 
nj =total number of individuals in speciesj 
N =total number of individuals obtained 
3.3.2 Heterogeneity 
The data will be analyzed by using the DIVERS Program version 1.2 that had been 
modified by Charlie Laman (2001) from the original DIVERS by Krebs (1989). The 
formula for the Shannon-Wiener Index that had been used in this DIVERS Program is 
shown below. 
H' = n log n - 'if; log.fi 
n 
n = sample size 
fi= number of individual in species i 
This program was been used to calculate the species heterogeneity that combined 
Simpson's Index, Shannon-Wiener Index and Brilliouin's Index. The RAREFACT 
Program by Krebs (1989) that had been modified by Charlie Laman (2001) easily 
quantifies species richness. 
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3.3.3 Zar- t test. 
However, only Shannon-Wiener Index was been used for the calculation in Zar-t test to 
compare the species diversity in the two selected zones. H' is the Shanon Index of 
Diversity, obtained for each of two samples. 




S H'I-H'2 = V S2 H'I + S2 H'2 
The variance for each H' may be approximated by: 
S2 H' = "iii log • .Ii - ("i Ji log(fi)2 In 
wbereji is number of samples in each species 
Degree of freedom (df) for this test is v, as: 
v = (S2 H'l + S2 8'2)2 
(S2 H'1)2 + (S2 8'2)2 
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A Similarity measures of microhabitat utilization among species. 
Multivariate Statistical Package 1999, from Kovach Computing Services was employed 
using the Jaccard's coefficient similarity and Modified Morisita's Similarity indices 
based on unweighted pair-group methods (UPGMA) to test the degree (percentage) of 
similarity measures of microhabitat utilization among the species. The Jaccard's 
coefficient based on presence and absence of frogs utilized the microhabitat while the 
Morisita's similarity based on counts of individuals of frogs utilized the microhabitat. 
Closest species composition in the microhabitats or high in similarity index are 
considered as one group and those that are different are considered as a different group. 
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4.0 Results 
A total of 15 species with 108 individuals of frogs was captured throughout the two times 
survey periods (Table 2). An average of 11 species was collected per sampling period 
ahhough the number of individuals fluctuated among sampling periods. The diversity 
index for total frogs captured is 1.02424. R. baramica from family Ranidae with the 
bighest abundance of 17.6%, represent 19 individuals of collection. This followed by P. 
leucomystax from the family Rhacophoridae with abundance of 16.7%, represent 18 
individuals. Meanwhile, M. petrigena from family Microhylidae, Occidozyga laevis 
fromfamily Ranidae and P. macrotis from family Rhacophoridae have the lowest relative 
abundance (0.9%). 
Megophryidae
Rhacophoridae 7% Bufonidae 
20% 7% • Megophryidae 
• BufonidaeMicrohylidae 













2. Relative abundance of frogs at Bako National Park 
Species No. of % Relative 
individuals abundance 
Leptolalax dringi 5 4.6 
Bufo quadriporcatus 4 3.7 
•crobylidae 	 Kalophrynus pleurostigma 3 2.8 

Microhyla petrigena 1 0.9 

Limnonectus kuhlii 10 9.3 

L. laticeps 	 8 7.4 
L. paramacrodon 9 8.3 
Occidozyga laevis 1 10.9 
Rana baramica 19 17.6 
R. chalconota 	 10 9.3 
R. glandulosa 	 2 1.9 
R. signata 2 1.9 
Polypedates colletti 15 13.9 
P. leucomystax 	 18 16.7 
P. macrotis 1 0.9 
Total no. of individuals 108 100 
Total no. ofspecies 15 
Shannon-Weiner Index H' 1.02524 
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